Introduction
At present, the depletion of fossil fuel stores in the world and the environmental pollution due to everincreasing exhaust emissions from internal combustion engine are the urgent matters, which promote to develop alternative energy and fuel resources such as biofuels in order to gradual replacement for diesel fuel.
Vegetable oil shows potential and promising alternative fuel because of its advantages, which are renewable, friendly environment, easy in producing, biodegradable. Moreover, the products based on vegetable oil will be potential for stimulating the development of rural economic. Hence, in current years, many researchers have been carried out, studied and find many methods to improve the disadvantages of pure vegetable oils such as high viscosity in order to use directly as fuel in diesel engines (Pramanik, 2003) . However, biodiesel is defined as monoalkyl esters of fatty acids. It is also considered as a clean, biodegradable, available and renewable fuel. Biodiesels are produced by the transesterification from vegetable oils or animal fats, * Corresponding author: anhtuanhoang1980@gmail.com which contain unsaturated or saturated fat sources, with ankanol but primarily from methanol or ethanol (Gerhard, 2005) . In Vietnam, ordinary sources for producing biodiesel are peanut oil, soybean oil, catfish fat, jatropha and coconut oil. In general, some advantages of biodiesel such as its renewable, flammable safety and nontoxic, emission reduces. Therefore, biodiesel has used significantly for many years. The Vietnamese Prime Minister has issued a decision No.177 on "Project development of biofuels with the orientation to 2025". Generally, the heating value of pure vegetable oils and biodiesels are lower, otherwise their viscosities, surface tension and densities are higher than those of diesel fuel. Many researchers prove that the pure vegetable oils and biodiesels are used at 100% (VO100 & B100) or blend of diesel fuel for diesel engine. However, the power of diesel engine using VO100 or B100 in comparison with diesel fuel reduces lightly otherwise increasing of (ge). Besides some advantages of pure vegetable oils (VO100) and biodiesels (B100), several researches also propound the concerns about the lubricating oil deterioration, which will increase certainty the abrasion of moving machinery parts such as piston in combustion chamber while operating diesel engine in long time with VO100 and B100. Furthermore, the appearance the deposit on the injectors, pistons and cylinder head are necessary and major causes to consider using and operating the diesel by VO100 and B100.
In Vietnam, the production of pure vegetable oils in 2012 was 709.000 tons and will 1.929.000 tons in 2025. From the genetic fund of oil plants with hundreds of seed samples, after years of research, Vietnam has selected and crossbred several varieties oil plants with high-yield, good quality. These varieties have contributed significantly to the expansion of the areas, improve productivity, quality and economic efficiency of the oil plants, especially used in manufacturing biofuels such as biodiesel, bio-oil, etc. They can be identified as follows:
 They are the kind of inedible animal fat and plant oil, hence using them to manufacture biodiesel will not effect on and threaten to food security. The Vietnamese Government was used the standard of B5 (5% biodiesel and 95% diesel fuel) for diesel engine and the using of B5 is developing sharply. However, in a survey, biodiesels were manufactured 250.000 tons/year in 2015 and only met 1% of demand in using biodiesels. Therefore, the policy of the Vietnamese Government is to manufacture 1.8 million tons/year in 2025 to meet 5% of demand in using biodiesels. The most important matter in using and development in Vietnam is biodiesel price, which is the cost of input raw materials, such as electricity, vegetable oils, animal fat and methanol, additives. The biodiesel prices flux from 50.000 VNĐ to 70.000 VNĐ per a liter depending on the kind of biodiesel and the prices of biodiesel from Jatropha oil are lowest and thank to the Vietnamese Government' policy, this biodiesel are encouraged to produce and use aiming reduction of environment pollution emission in the urban.
Base on analyzing the potential in manufacturing and using bio-fuel, this study uses preheated pure coconut oil (PCO) and Jatropha oil methyl ester (JOME) for a diesel engine. The obtained results about engine performance are compared to those of diesel fuel in order to find the most suitable heating temperature for PCO and supply more the proof for using bio-oil, biodiesel as alternative fuel.
Materials and Methods

Materials
Vegetable oils are triglycerides and biodiesel is esters of fatty acid with ankanol, which primarily are methanol or ethanol. Many vegetable oils and biodiesel can be used to replace diesel fuel. In this study, pure coconut oil (PCO), and biodiesel from Jatropha oil (Jatropha oil methyl ester -JOME) are used to be the studied objects. Properties of PCO and JOME available in Vietnam are given in Table 1a and the fuel requirement met Vietnamese standard is given in Table 1b . Table 1a and 1b shows that, the properties of PCO are much different from diesel fuel otherwise the properties of JOME are closer to diesel fuel. It can be clearly seen at 30 0 C that, cetane number (CN) of PCO is about 12% lower but CN of JOME is 15% higher than that of diesel fuel. Besides, kinematic viscosity (µ) of PCO is about 8 times higher but µ of JOME is slightly higher than that of diesel fuel. Density (D) is about 9% with PCO and about 3% with JOME, surface tension () is 27% with PCO and about 15% with JOME higher than those of diesel fuel. These occur due to the differences in the structures of PCO and JOME compared to diesel fuel, primarily the acid unsaturation degree or double bonds of carbon (-C=C-). The higher viscosity, higher surface tension and density of the PCO and JOME will result in difficulty in fuel spray, atomization, breakup and mixture, hence they will effect on the diesel engine performance and emission. However, the disadvantages of PCO and JOME can be overcome by heating method, which is used in this study to improve some properties of PCO and JOME.
Methods
Some of studies denoted that, heating method is considered as the most useful and simple one to improve the disadvantages about viscosity, density of vegetable oils and biodiesel. Such as Acharya et.al (2011) used Kusum and Karanja oil's that is preheated up 100 0 C-130 0 C for engine. Dinesh P (2012) used preheated POME and blend of diesel fuel up to 60 0 C, 75 0 C and 90 0 C in order to compare to diesel fuel while use as fuel in diesel engines. A K Hussain (2012) used preheated neat jatropha and Kharanja oil and concluded that, viscosity of the selected vegetable oils is reduced by 80%-90% by preheating to 90°C. In the fact that, the relationship between some properties of PCO, JOME and temperature in this work are shown in Table 2 . Determination method of ge (kg/kW.h) A test engine with an outside fuel tank and a truthful balance for measuring the mass flow of fuel G (kg/s) duration of time test are used in this experiment setup. All equipment is installed on the testbed to determine ge of diesel engine through G. Thanks to the measurement, the fuel mass flow G is calculated through fuel supplied to engine (Gs) and fuel returned from engine (Gr) as the equation:
The ge of engine is a obtained parameter while engine supplies a power of 1 kW with the fuel mass G in a unit of time. Thus, ge is calculated through G and engine power (Ne) as:
Determination method of efficiency (ηe)
HHVs of diesel fuel, PCO and JOME are determined by experiment of physical method based on ASTM D240, which diesel fuel, PCO and JOME samples are put in the combustion chamber for combusting completely. The calorie value of fuel effects on the engine performance, thus it is necessary to determine the fuel higher heating value (HHV) of fuel and for diesel fuel, and biodiesel from Jatropha and PCO using a calorimeter, which also called the bomb calorimeter and shown in Fig.1 .
Fig 1. Schematic of bomb calorimeter
The bomb calorimeter, which contains 0.5 gram of test fuel in combustion chamber and at 30 atm of pressure, includes a sealed bomb connected to the ignition wire to fire completely the test fuels in order to determine HHV. Three fuel samples (diesel fuel, JOME, PCO) with three determinations for a sample and average result of three determinations are carried out aiming getting the accuracy results.
However, the lower heating value (LHV) of fuel is used to determine the fuel energy because LHV shows the energy efficient released by combusting a particular quantity of fuel mass unit. In the Volpato et al' opinion, LHV is related to HHV as Eq. (3) and is given in Table 3 : Table 3 shows that, The LHV of PCO (37.45 MJ.kg -1 ) is 9.3% and the LHV of JOME (38.95 MJ.kg -1 ) is 12.8% lower than that of diesel oil (42.95 MJ.kg -1 ). In the diesel engine, the efficiency (ηe) characterizes the level of converting the combustion-created-fuel energy (E) in comparison with obtained engine power (Ne). The fuel energy (E) is determined as:
Therefore, the efficiency (ηe) is calculated as Eq (5) ) )( ( 
Test diesel engine procedure
A diesel engine D240 is used in order to compare the performance and emission characteristic while fueled JOME and preheated PCO. Table 2 shows that, the suitable temperature of PCO to get kinematic viscosity, surface tension and density similarly to diesel fuel's is 100 o C -110 o C. However, heated PCO up to respectively 80 o C, 100 o C and 120 o C (abbreviated PCO80, PCO100 and PCO120) in this work are used to evaluate and compare exactly to JOME and diesel oil (DO) at room temperature. The engine D240, which can be used in agricultural field or generator set, was considered as a testing object. The technical parameters of D240 diesel engine are given in Table 4 and the schematic of experiment procedure is shown in Fig.2 .
The engine D240 is supplied heated PCO (include PCO80, PCO100, PCO120 and JOME) with original conditioning lubricant and cooling systems similar to the case of using DO in order to maintain and ensure the stability condition of the whole testing during for experiments. The fuels such as PCO80, PCO100, PCO120, JOME and DO are tested at full load at and 1000, 1200, 1400, 1500, 1600, 1800 and 2000 rpm of engine speed. The fuel rate supplied to the test engine is adjusted in order to maintain the engine torque. The fuel for each test is repeated 3 times to get the average results to reduce the uncertainty. 
Results and discussions
Torque (Me) and power (Ne) performance
The torque (Me) performance of the D240 diesel engine with 100% load for DO, PCO80, PCO100, PCO120 and JOME is presented in Fig.3 . The obtained maximum torque is at around of 1600 rpm. The obtained torque in case of using JOME as fuel is 3.94%-4.34% lower than that of DO and in case using PCO80, PCO100 and PCO120 are reduced respectively by 7.38%-11.03%, 8.92%-14.63% and 10.21%-16.58% in comparison with DO because of lower LHV of PCO and JOME than that of DO. However, torque of PCO80 is higher than that of PCO100 and PCO120 due to the PCO80 density is higher hence the fuel mass is also higher although the same injection volume. Fig.4 shows that the change of the D240 engine power (Ne) performance when fueled with DO, preheated PCO and JOME is the same rule. When the temperature range from 80 0 C to 120 0 C for PCO, the value of engine power tends to decrease due to the trend of PCO density change is inversely proportional to the temperature, this leads to reduction in the mass of PCO fuel supplied to the engine. Moreover, the LHV of the PCO and JOME are lower than that of DO. On the whole of engine speed range, corresponding to fuel PCO80, PCO100, PCO120 and JOME, engine power is reduced respectively from 7.37% -10.91%, from 8.91%-12.85%, from 10.15%-13.17% and from 4.41%-6.64% in comparison with the case of using DO; the average results on the speed range, the reduction level of power is respectively 9.65%; 11.06%; 12.44% and 5.53%.
Specific fuel consumption performance, ge
The specific fuel consumption performance (ge) with 100% load at different revolution for DO, preheated PCO and JOME is shown in Fig.5 . For five kind of tested fuels, (ge) decreases at low engine speed and reaches the minimum value in the revolution of 1500 rpm and (ge) of DO is 249.16 g/kW.h, (ge) of PCO80 is 312.34 g/kW.h, (ge) of PCO100 is 307.28 g/kW.h, (ge) of PCO120 is 314.21 g/kW.h and (ge) of JOME is 280.23 g/kW.h. For PCO, (ge) of PCO100 is the lowest value and (ge) of PCO80 is the largest, this difference is due to the mass of PCO at 80°C is higher than at 100°C and 120°C in comparison with achieved power engine. Further, the process of mixture formation and combustion occurred in the engine with PCO at different heating temperatures are different. For JOME, (ge) is higher than that of DO and lower than that of PCO because LHV of JOME is higher than that of PCO and lower than that of DO otherwise the density of JOME is lower than that of PCO and higher than that of DO. At full load, (ge)s of PCO80, PCO100, PCO120 were respectively 13.89%-20.19%, 12.84%-18.97%, 14.92%-20.75% higher than that of DO. In case of JOME, (ge) is 6.62%-11.26% higher than that of DO. This observed trend is due to an increase of the LHV for biodiesel in comparison with PCO and reduction for biodiesel and PCO in comparison with DO. Similar trends of (ge) are also reported by Marcelo Jose´ da Silva (2013) and Ramadhas AS (2005) . 
Thermal efficiency (ηe)
The (ηe) of D240 engine for five kind of different fuels at 100% load is shown in Fig.6 and Fig.7 shows the (ηe) of D240 engine as a function of load at 2000 rpm. It can be seen from Fig.6 and Fig.7 that, for PCO, the maximum (ηe) is PCO100 and minimum (ηe) is PCO80. The maximum difference of (ηe) in using preheated PCO as fuel is 3.05% in comparison with DO. According to Eq. (5) and at full load, although the LHV of JOME is 3.85% higher than that of preheated PCO but the (ge) of JOME is 37.21% of minimum lower than that of PCO100, hence the (ηe) of D240 engine fueled with JOME is higher than that of preheated PCO and slight lower than that of DO. The maximum difference of (ηe) in using JOME as fuel is 0.72% in comparison with DO. Fig.7 shows that, the (ηe) of D240 engine increases proportional to increase in load at 2000 rpm. Based on experiment results, it can be concluded that, the engine (ηe) with JOME and PCO100 are comparable to that of DO and it is suitable for the reported findings of many researchers such as Marcelo Jose´ da Silva (2013) and Ramadhas, A.S (2005) .
Conclusions
The diesel engine performance using pure biodiesel of Jatropha (JOME), preheated pure coconut oil (PCO) are carried out by the experiment on the testbed of D240 diesel engine. The results of study are summed up as follows:
 JOME can be direct used in diesel engines to replace diesel oil, however, the best results for PCO is preheated up to 100 o C. Thus, there are no any fuel system modifications with JOME and it is necessary to install a heating system for PCO.
 The power (Ne) and torque of test diesel engine are reduced slightly with JOME and much with PCO, otherwise the increase in specific fuel consumption (ge) is 11.26% of maximum when using JOME and is 20.75% of maximum when using PCO120 as alternative fuel.
 The thermal efficiency (ηe) of JOME is higher than PCO but still lower than DO. However, for PCO the thermal efficiency (ηe) of PCO100 is the highest.
